ABSTRACT Vertebrate dung and carrion are rich and strongly attractive resources for numerous beetles that are often closely linked to them. The presence and abundance of beetles exploiting such resources are inßuenced by various ecological factors including climate and forest cover vegetation. We studied selected assemblages of coprophilous and necrophagous beetles in Quebec along a 115-km north-south transect in three balsam Þr (Abies balsamea (L.) Miller) forest sites and in a fourth forest site dominated by sugar maple (Acer saccharum Marshall), close to the southern Þr site. Beetle abundance was estimated using a sampling design comprising replicated pitfall traps baited with red deer meat or dung in each site. A total of 8,511 beetles were caught and identiÞed to family level, 95.7% of which belonged to families with known coprophilous or necrophagous behavior. Meat-baited pitfall traps caught nearly 15 times as many beetles as dung-baited traps. All Histeridae, Hydrophilidae, Scarabaeidae, and Silphidae were identiÞed to species to examine speciÞc diversity variation among sites. For the beetles caught in the meat-baited traps (majority of captures), decreases in abundance and species richness were observed from south to north along the Þr forest transect, with evidence of decreasing speciÞc diversity as measured by the Shannon index of diversity. Strong differences in species assemblages were also observed between the southern maple and Þr forest sites. The Silphidae and Histeridae were more abundant in the maple forest, whereas the Hydrophilidae and Ptilidae were more abundant in the Þr forest.
) of the substrate, as well as by openness of habitat (Barbero et al. 1999 ) and altitude (Errouissi et al. 2004) . The impact of latitude on a relatively short distance (Ͻ300 km) has also been shown for the coprophilous Scarabaeidae of Portugal (Hortal-Muñ oz et al. 2000) , where a decrease in diversity was observed from south to north. Thus, differences in coprophilous and necrophagous beetle assemblages are expected in different forests of the same type even at the regional scale. However, the inßuence of the type of forest, as deÞned by dominant tree species, has attracted relatively little attention.
Climate and vegetation in a forested area are strong determinants of its vertebrate fauna and soil microclimate and thus indirectly inßuence the local coprophilous and necrophagous beetle fauna. Anderson (1982) found variation in species composition of Silphidae between a sugar maple forest (Acer saccharum Marshall) and a red pine forest (Pinus resinosa Solander) in southern Ontario. Similar variation was also observed for coprophilous beetles between a pine (Pinus sp.) and a spruce (Picea sp.) forest in Finland (Hanski and Koskela 1977) .
This study was designed to be a Þrst assessment of large scale ecological factors affecting the diversity of coprophilous and necrophagous beetles in central Quebec to serve as a basis for deeper study of their possible relation to deer abundance. The overall objective was to characterize diversity and its ecogeographical variation with latitude and forest habitat. To reach this goal, we Þrst compared the abundance and diversity of the beetle fauna among three balsam Þr forests (Abies balsamea (L.) Miller) in three different localities along a northÐsouth axis, reßecting variation in climate and wildlife abundance linked to urban development. Second, beetle abundance and diversity were compared among a sugar maple forest and a balsam Þr forest in close proximity.
Materials and Methods
Study Sites. The maple forest was located in the vicinity of St. Jacques-de-Leeds (46Њ17Ј15Љ N, 71Њ23Ј43Љ W) at an altitude of 300 m above sea level. The three balsam Þr forests were chosen to be at approximately equal distance from each other along a northÐsouth axis. The Þr forest in St. Jacques-deLeeds, being the southernmost, was distant of the maple forest by Ͻ1 km. The middle balsam Þr forest site was in the suburban area of Quebec City (46Њ52Ј17Љ N, 71Њ18Ј11Љ W) at an altitude of 100 m, and the northernmost site (balsam Þr forest) was in the Ré serve Faunique des Laurentides near Lac-à -LÕÉ -paule (47Њ18Ј09Љ N, 71Њ11Ј51Љ W) at an altitude of 800 m. The southernmost site was separated from the others by the St Lawrence River at a distance of 115 km from the northernmost. White-tailed deer (Odocoileus virginianus Zimmermann) is recognized as the main large herbivore in these sites except at Lac-à-LÕÉ paule, where it is only sporadically observed (Banville 2002 ). This species is also more abundant in the southern forest than in the middle one, which results in a decreasing deer density gradient from the south to the north.
Sampling. Beetles were collected using Multipher pitfall traps (Jobin and Coulombe 1988) , baited with either red deer (Cervus elaphus L.) meat (95 g) or dung (100 g) placed in a cup suspended over a preservative solution of 40% ethyl alcohol. Fresh baits were obtained from a deer farm near Quebec City. The meat was preserved in a freezer and thawed 12 h before being used as bait. The dung was collected Ͻ3 h after dropping. To prevent the use of dung already contaminated with insects, it was submerged in water for 12 h and wrapped in Þne muslin just before being used as bait. Pitfall traps were operated between 5 and 12 July 2006 at the two St. Jacques-de-Leeds sites and between 6 and 13 July 2006 at the other sites.
A completely randomized block design with three replications was established in each study site. Each block consisted of three pitfall traps baited with meat, dung, or without any bait (control). These traps were randomly placed at each corner of an equilateral triangle of 10 m on each side. The three blocks in each site were separated by 50 m along a linear transect, which was at least 100 m from the forest border to avoid any edge effect, estimated to be between 15 and 30 m for the Silphidae (Shubeck 1993) . All collected Coleoptera were identiÞed to family level and species level for Histeridae, Hydrophilidae, Scarabaeidae, and Silphidae using the identiÞcation keys of Bousquet and Laplante (1999) , Smetana (1988) , and Anderson and Peck (1985) . Vouchers have been deposited at the Insectarium René Martineau of the Laurentian Forestry Centre in Quebec City. Species determination for some Hydrophilidae and Histeridae was veriÞed by specialists of the Eastern Cereal and Oilseed Research Centre in Ottawa.
Statistical Analysis. To estimate species diversity in each site for meat-baited traps, the Simpson (DЈ) and Shannon (HЈ) diversity indices were used with their associated evenness (E D and E H ) as deÞned by:
where n i is the abundance of species i, N is total abundance over all species, p i is the proportion of species i, and s the total number of species. The Simpson index was used because it allows comparison among sites with different insect abundance without bias (Lande 1996) . It is a type II index, which is sensitive to changes in the abundance of dominant species. The Shannon index of diversity, a type I index (Peet 1974) , which is more sensitive to changes in the number of rare species, was also used. As suggested by Itô (2007) , these indices were calculated Þrst by pooling data from all replicate traps in each site, thus avoiding bias caused by small samples in case of high among-trap variation in a same site. Second, the mean Simpson and Shannon indices were calculated for each site by considering the (two or three) available replicate traps in a site, thus permitting statistical comparisons with analysis of variance (ANOVA) (Itô 2007) . All diversity indices were calculated using BioDiversity Pro v. 2 (McAleece et al. 1997) . Three-factor (locality, forest type, and trap baits) analysis was used to compare abundance of the different beetle families and species using the GLIMMIX procedure of SAS (PROC GLIMMIX; SAS Institute 2006), with the maximum number of iterations set at 500. GLIMMIX applies an extension of generalized linear model theory and is useful for analyzing Poisson-distributed data such as in our study. Because of the much higher numbers of specimens caught in the meat-baited traps, the analysis was also conducted excluding the control and dung-baited traps, with locality and forest type as main effects. When overall tests were signiÞcant at P Յ 0.05, least square means t-tests were used to compare sites among localities and forest types.
A principal components analysis (PCA) was also performed to characterize the species assemblages of the different study sites taking into account captures in the three types of traps (control and baited with meat or dung) in the four sites (ϭ12 objects) and for 20 beetle species. PCA was used because of its low sensitivity to rare species and because it allows producing ordinations showing site similarity without being constrained by environmental variables (Legendre and Gallagher 2001) . Although the number of objects is lower than the number of species in our PCA, Legendre and Legendre (1998) reported that the Þrst axes of the PCA can be interpreted safely. A correlation matrix between variables was used as a measure of association between pairs of variables.
The HellingerÕs transformation was applied to the species abundance data:
where y ij is the abundance of species j in object i, and y iϩ is the sum of the abundances of all species in object i. HellingerÕs transformation allows to express abundance data as "ecological distance" and therefore eliminates double-zero problems inherent in using Euclidean distances; i.e., zero abundances are rejected in calculating site similarity and thus two sites cannot be considered as similar only by the common absence of one or more species (Legendre and Gallagher 2001) .
Two types of graphical scaling were used to interpret the results of the PCA. First, a distance biplot (scaling 1), i.e., where the eigenvectors are scaled to unit length, allowed an analysis of similarity among objects, i.e., baits in relation to locality and forest type. Second, a correlation biplot (scaling 2), i.e., where the eigenvectors are scaled to the square root of their eigenvalue, allowed an analysis of species groupings. PCA graphs are shown in biplot format; i.e., the objects and the species are projected together (Legendre and Legendre 1998) .
The PCA was conducted with the R software using rda command (library vegan, Oksanen et al. 2009 ). The species collected only once throughout the study were removed from the PCA because they cannot be safely associated with any habitat or bait material.
Results
Three samples were lost from pitfall traps baited with meat (one in each site except the southernmost Þr forest) and one from traps baited with dung (northernmost Þr forest) because of animal disturbances. Despite these losses, a total of 8,511 beetles were caught, 95.7% of which belonged to families with known coprophilous or necrophagous behaviors. Meat-baited pitfall traps caught 7,780 (91.4%) beetles, whereas only 548 (6.4%) were caught in dung-baited pitfall traps and 183 (2.2%) in the controls (Table 1) . Furthermore, very few beetles of our selected families of interest were caught in the dung-baited traps: six Hydrophilidae and two Scarabaeidae. This suggests that seasonal activity of deer dungÐassociated beetles was low during our trapping period. Therefore, dungbaited traps were excluded from most of the analysis.
When the meat-baited traps were considered alone, for the eight families examined, beetle abundance in Þr forests was signiÞcantly affected by locality on the northÐsouth axis, except for Scarabaeidae and Trogidae (Table 2 ). In the southernmost sites, forest type variously affected four beetle families. The Silphidae (F 1,6 ϭ 559.39, P ϭ 0.0002) and Histeridae (F 1,6 ϭ 156.40, P ϭ 0.0011) were more abundant in the maple forest, whereas Hydrophilidae (F 1,6 ϭ 99.30, P ϭ 0.0022) and Ptilidae (F 1,6 ϭ 117.10, P ϭ 0.0017) were more abundant in the Þr forest (Tables 2 and 3) . Again, considering only the meat-baited traps, species richness decreased from south to north, going from 15 species in the southern Þr forest to only 3 species in the northern one (Table 4 ). The Simpson (DЈ) and Shannon (HЈ) indices of diversity based on pooled replicate samples provided slightly different pictures of variation in diversity among sites: HЈ indicated a continuous decrease in diversity from south to north, whereas DЈ indicated higher diversity in the central Þr forest than the southern one (Table 4) . When expressed as mean DЈ and HЈ for each site, diversity estimates were generally lower than for pooled data, except for DЈ in the northern Þr forest (Table 4) . However, diversity ranking among sites remained the same for both indices. These results are consistent with those of Itô (2007) for a similar comparison of mean versus pooled trap data in estimating species diversity. ANOVA on both diversity indices (i.e., using a separate index estimate for each replicate sample) indicated no signiÞcant difference in diversity among sites for the Simpson index (F 3,5 ϭ 2.25, P ϭ 0.1998). However, Shannon diversity varied signiÞ-cantly among sites (F 3,5 ϭ 5.69, P ϭ 0.0456), being lower in the northern site than in the two other sites (Table 4 ). The main difference between the central and the southernmost Þr forests was species abundance. Excluding rarely caught species (n Ͻ 5 captures overall), Hister furtivus LeConte was the only species found exclusively in the southern Þr forest, and all species found in the central and northern Þr forests were also collected in the southern one. Therefore, even if species richness was 50% higher in the southern than the central Þr stand, this is not reßected in signiÞcantly higher diversity indices. Based on both Simpson and Shannon estimates, evenness was higher in the central Þr forest than elsewhere and was lowest in the northern Þr forest, where Nicrophorus defodiens Mannerheim was the only abundant species (n ϭ 20); others were very rare (n Յ 2).
Diversity appeared to vary among forest types in the southernmost sites based on species richness and diversity indices. The maple forest (20 species; DЈ ϭ 0.835; HЈ ϭ 2.168) appeared to be more diverse than the Þr forest (15 species; DЈ ϭ 0.771; HЈ ϭ 1.819), with diversity indices estimated by pooling replicate trap data. However, ANOVA indicated no signiÞcant difference among the two forest types, neither for DЈ nor for HЈ (Table 4) Considering all traps in all sites, the Þrst two PCA axes explained, respectively, 54 and 16% of assemblage variation with eigenvalues of 10.87 and 3.17. The Þrst axis of the distance biplot (scaling 1) clearly separated the meat-baited pitfall traps from the others ( Fig. 1 ; note that only the correlation biplot is shown because the relative position of the objects is almost the same in both scalings). Only the northern Þr forest is on the positive side of PCA axis 1, relatively few necropha- gous beetles having been collected there (n ϭ 23) compared with other sites (n Ͼ 137). The second PCA axis clearly separated the Þr forests from the maple forest for the meat-baited traps. The low variability between the dung-baited traps and the control traps explains the absence of discrimination along this axis. Interestingly, a northÐsouth gradient is also well represented on the second axis for the necrophagous species.
The correlation biplot (scaling 2; Fig. 1 ) shows Þve groups of beetle species, as deÞned by the angular distances between species, that approximates their correlation. The Þrst group consists of species found only [N. pustulatus, Nicrophorus investigator Zetterstedt, N. surinamensis, and Margarinotus egregius (Casey)] or almost only (M. hudsonicus, 104 of 105 specimens) in the maple forest. The second group is composed of species present in both the maple and the southern Þr forests but absent elsewhere (except for M. faedatus, of which 4 of 128 specimens were caught in the central Þr forest). The third group consists of species found at least in the maple forest and in the southern and central Þr forests. All species in this group are more abundant in the maple forest. The fourth group is composed of the only two species (C. assecla and C. minusculus) that were more abundant in the southern Þr forest than in the maple one. Members of the groups 1Ð 4 were caught exclusively in meatbaited traps, with the exception of C. minusculus, which was caught once (of 87 captures in total) in a dung-baited trap. The Þfth group comprises widely distributed species that were found in at least three sites and at least once in a dung-baited trap or a control trap.
Discussion
This study based on pitfall traps baited with deerassociated residue showed some difÞculties related to sampling method in studying insect diversity. The abundance ratio of numbers of captured individuals by the meat to dung to control devices was 42:3:1, which led us to concentrate the quantitative analysis of variation among sites on the meat-bait capture data. Baits of deer dung by far attracted much less beetles than expected based on published studies on coprophilous beetles in temperate regions (Hutton and Giller 2004, Price 2004 ). The only other study, to our knowledge, having used baits of dung and meat at the same time was done in Mexico and produced completely opposite results to ours, meat being less attractive than dung (Lobo and Halffter 2000) . Biogeographical, evolutionary, and ecological factors might be involved in explaining these results. Among the Scarabaeidae fauna known to be associated with deer dung in North America, only a few species are present in Quebec (Gordon 1983) . Thus, in northern areas, it is possible that beetles might be outcompeted by other insects using dung resources, especially ßies, which are also abundant in dung. Furthermore, Aphodius species associated with deer dung are known for their lower activity during the warmest summer months in United States (Gordon 1983) . Collection data of the Insectarium René -Martineau (IRM) of the Canadian Forest Service in Quebec City suggest that some species such A. leopardus Horn and A. rufipes L. are active in July in Quebec but are not at their peak of seasonal activity. This could also explain the paucity of coprophilous beetles in dung-baited pitfall traps.
The results of our quantitative analysis show that, as could be expected, species richness and abundance of the necrophagous beetles varied signiÞcantly between the three balsam Þr forests located on a northÐsouth axis and that species assemblages varied also between the Þr and the maple forest sites, which are in close proximity. The main difference between the southern and the central Þr forests was with species abundance. All species absent in the central Þr forest were un- common in the southern site (Ͻ10 captures), except H. furtivus. This suggests that the amount of available resources (mostly cadavers of small mammals and birds but also deer cadavers) in the central forest site cannot support as large a community of necrophagous beetles. Compared with the southern Þr site, which is south of the St Lawrence River and remote from urban development, the central Þr site is located on the north shore in a suburban area of Quebec City, where wild vertebrate density might be lower. However, differences in abundance and diversity among the three Þr forests were greatest between the northern forest and the others. This site, besides being practically without any substantial deer population (Banville 2002) , is located at a higher altitude and should therefore be subject to colder average temperature, which is known to slow down meat decomposition (Carter et al. 2007 ). This supports the hypothesis that meat baits could be less attractive to scavengers in the northernmost study site. Note that N. defodiens, the only abundant species in the northern Þr forest, is reported to be more efÞcient at locating carrions than the other North American Nicrophorus (Trumbo and Bloch 2002) .
While comparing the maple and Þr forests, the data showed that different necrophagous families responded differently. Hanski and Koskela (1977) suggested that the degree of openness of conifer forest habitats inßuenced coprophilous beetle communities. In our study, at ground level, the maple forest was visually more open than the Þr forest, which could facilitate insect ßight activity and odor dispersion.
Forest openness can also modify the soil microclimate, which is known to inßuence coprophilous beetles (Barbero et al. 1999) . Both dung and carrion are patchy temporary microhabitats at the soil surface, and thus, microclimate is likely to inßuence their insect fauna in a similar manner.
At the community level, PCA showed a difference between the maple and the Þr forests, as well as a clear species assemblage gradient from the south to the north across the three balsam Þr forests. Thus, the maple forest had a unique species group (group 1) and shared another with the close southern Þr forest. The beetle community in this latter site was clearly an overlap between the maple forest and the central Þr forest. This suggests that a regional inßuence Þrst structures these necrophagous communities, which are further structured by forest structure and composition.
As far as we know, preference and use of forest habitats by the Histeridae and the Hydrophilidae have not been studied. Anderson (1982) studied the habitat preferences of most of the North American Silphidae, but his conclusions are not fully consistent with our observations. For example, many Silphidae were signiÞcantly more abundant in the sugar maple forest than in the balsam Þr forests. Among these, N. defodiens is generally considered as being more abundant in coniferous forests, whereas N. surinamensis is considered as an eurytopic species by Anderson (1982) , but this was based on 11 specimens only. In another study, Shubeck (1983) caught 11 of 16 specimens of the latter species in a deciduous forest. In the maple (Table 2) . *All objects (site ϫ trap) where necrophagous beetles were not caught.
forest sampled in our study, 477 of 482 N. surinamensis were caught in a single meat-baited trap. However, this was exceptional among all species captured in this site, suggesting an unknown stochastic event. However, even if N. defodiens was least abundant in the Þr forest, PCA analysis showed a higher correlation of this species with Þr forests, which is in agreement with Anderson (1982) . Also, previous records from the IRM indicated that we sampled after the peak seasonal activity of N. sayi, which corresponds to its breeding season (Anderson and Peck 1985) , but during that of N. orbicollis, which may explain the higher abundance of the latter species compared with the usually more common N. sayi (unpublished data). Because very few studies have been conducted on forest association of coprophilous and necrophagous fauna, our results could also indicate that these species do not consistently show strong habitat preference relative to the forest type, as previously suggested. Other niche characteristics, indirectly inßuenced by forest canopy, can inßuence the presence of silphid beetles, such as soil humidity (Matuszewski et al. 2008) , soil compaction (Scott 1998) , and even alternative food resources (Blouin-Demers and Weatherhead 2000). For example, it has been shown that N. pustulatus feed on eggs of the black rat snake, Elaphe obsoleta obsoleta (Say) (Squamata: Colubridae), in southern Ontario (BlouinDemers and Weatherhead 2000) . This snake has never been recorded in Quebec and is in need of conservation in Canada because of its restricted range and population isolation in southern Ontario (Prior et al. 1997) . Therefore, even in low numbers (n ϭ 8, all in the sugar maple forest), the presence of N. pustulatus in our study is worthy of mentioning. More recently, Smith et al. (2007) showed that N. pustulatus can feed on eggs of other oviparous snakes in the laboratory, but its ability in locating snake nests in the Þeld remains unknown. The niche of this species in Quebec thus remains to be characterized.
In fact, habitat selection of most coprophilous and necrophagous beetles is still poorly known. This is particularly true for Histeridae and Hydrophilidae (and also Leiodidae and Ptilidae, which were not studied at the species level here), for which we have not found any data in the literature. As mentioned above, data were available for the Silphidae, but we found limited consistency with our study. More study on resource selection by these insects is important, particularly with respect to potential for conservation of species such as Nicrophorus americanus (Olivier), which is considered to be an endangered species (Raithel 1991) . Such data could also potentially be useful for crime resolution in applied forensic entomology (Matuszewski et al. 2008) .
Very little is known on the impact of large herbivore populations such as deer on the diversity of insects that depend on organic residuals generated by their abundance. Necrophagous and coprophilous insects also need to be studied further to improve our understanding of their biology and more generally their important role in natural ecosystems in the recycling of residue from vertebrate fauna.
